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Abstract 

Background: The clinical results of removal of metal implants after fracture healing are unknown and the question 
whether to remove or to leave them in is part of discussion worldwide. We present the design of a prospective 
clinical multicentre cohort study to determine the main indications for and expectations of implant removal, the 
influence on complaints, the incidence of surgery related complications and the socio-economic consequences of 
implant removal. 

Methods/Design: In a prospective multicentre clinical cohort study at least 200 patients with a healed fracture 
after osteosynthesis with a metal implant are included for analyzing the outcome after removal. Six hospitals in the 
Netherlands are participating. Special questionnaires are designed. The follow up after surgery will be at least six 
months. The primary endpoint is the incidence of surgery related complications. Secondary endpoints are the 
influence of removal on preoperative symptoms and complaints and the socio-economic consequences. 

Discussion: By performing this study we hope to find profound arguments to remove or not to remove metal 
implants after fracture healing that can help to develop clear guidelines for daily practice. 

Trial registration: NTR1297, www.trialregister.nl/trialreg/admin/rctview.asp?TC=1297 
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Background 

In literature only three cohort studies on the results 
and complications of implant removal can be found 
[1-3]. No randomized prospective clinical trials have 
been published. The results of implant removal are 
unknown and the question whether to remove or to 
leave metal implants after fracture healing is part of 
an ongoing worldwide discussion. Most patients relate 
complaints and symptoms like pain, swelling and stiff- 
ness after their fracture has healed to the presence of 
the metal implant. The question is if these problems 
are really due to the implant or exist anyway because 
of the injury, subsequent surgery and/or healed frac- 
ture including scar tissue formation. Other important 
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issues in the discussion about the need for implant 
removal are surgery related complications, postopera- 
tive morbidity, the related medical costs and the pos- 
sible socio-economic consequences. The purpose of 
this study is (1) to analyse the incidence of surgery 
related complications, (2) to determine the main indi- 
cations for implant removal, (3) to analyse the clinical 
effect on preoperative symptoms and complaints of 
the patient related to the implant, (4) to determine if 
the clinical effect of removal meets the main expecta- 
tions of the patient and the surgeon and (5) to ana- 
lyse the socio-economic consequences, like the 
amount of days of absence from work or school due 
to implant removal. Finally, we hope to find argu- 
ments to create guidelines of conduct for removal of 
metal implants used for osteosynthesis after the frac- 
ture has healed. 
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Methods/Design 

Design of study 
Context 

For practical and ethical reasons it is impossible to per- 
form a prospective randomised clinical study comparing 
two groups of patients; one with and one without implant 
removal after fracture healing. Symptomatic patients with 
problems and/or complaints that are possibly related to 
the presence of a metal implant generally wish its removal 
anyway and likewise the patient and the surgeon would 
not be motivated to participate in a randomized trial 
Therefore, it was decided to perform a prospective multi- 
centre clinical cohort study in adult patients with healed 
fractures after osteosynthesis with metal implants. Six hos- 
pitals in the Netherlands participate in the study, four 
community teaching hospitals, one community non- 
teaching hospital and one university medical centre. The 
study protocol has been approved by the Dutch Medical 
Ethical Commission and the local Medical Ethical Com- 
missions of each participating hospital. https://toetsingon- 
line.ccmo.nl/ccmo_search.nsf/Searchform?OpenForm 
Record number NL15133.008.07, ABR number 15133. 

Questionnaires 

Baseline data are recorded preoperatively both by the 
surgeon and the patient (e.g. age, sex, co-morbidity, 
length, weight and smoking habits). 

To inventory pre- and postoperative symptoms and 
problems objectively, special questionnaires have been 
designed. Since no proper validated questionnaire about 
implant removal exists, questions have been obtained 
from the validated and generally accepted 'Disabilities of 
the Arm, Shoulder and Hand (DASH) scoring system' 
[4], which appears to be also suitable for the lower ex- 
tremity [5] and the 'Medical Outcomes Study Short 
Form-36 (SF-36) scores' [6]. Using the DASH score, 
evaluation of activities of daily living, social activities, 
work activities, symptoms, sleeping and confidence is 
possible. The SF-36 measures physical functioning, lim- 
itations in daily activities as result of physical health pro- 
blems, pain, general health perceptions, vitality and 
social functioning. Questions about expectations and 
satisfaction of the result of the implant removal have 
been designed for both surgeon and patient. 

The surgeon answers the questionnaire at six different 
time points; starting preoperatively after obtaining the 
informed consent, immediately after the surgical proced- 
ure, two weeks postoperatively, after six weeks, after six 
months in all patients and after one year in case of plate 
removal (Table 1). The reason for a follow up of one 
year in case of plate removal is the presumed higher risk 
of a refracture. A follow up of six months after nail re- 
moval is supposed to be long enough to get a reliable 
overview of possible postoperative complications. 



Surgery related complications (e.g. haemoraghe, infec- 
tion, nerve damage, poor cosmetic result and refracture) 
are defined and recorded during the follow up, Additional 
file 1. The peroperative questionnaire contains questions 
about the background and level of experience of the per- 
forming surgeon, type of anesthesia, use of a tourniquet 
and antibiotics, type of incision, ease of finding the im- 
plant, ease of removing the implant, use of extra instru- 
ments for removal, (time) use of fluoroscopy, peroperative 
complications, estimated blood loss, duration of the pro- 
cedure (skin to skin), overall satisfaction of the surgeon 
and grade of difficulty of the surgical procedure according 
to the surgeon. 

Patients fill in their part of the questionnaire preopera- 
tively during the first intake at the outpatient clinic, six 
weeks postoperatively, after six months and, in case of 
plate removal after one year (Table 1). These question- 
naires contain general questions on length, weight and 
smoking habits and specific questions about the com- 
plaints related to the implant (e.g. pain, swelling, loss of 
strength, functional impairment). Complaints are rated 
on a visual analog Likert-scale from 1 (no) to 5 (ex- 
treme). Finally, patients are asked to rate the cosmetic 
aspects of their scar pre- and postoperatively (after six 
months) on a visual analog scale from 0 (very ugly) to 10 
(very beautiful). Both surgeon and patient are asked 
about their overall satisfaction of the implant removal, if 
expectations have become truth and if they would per- 
form or undergo the procedure again and why. 

Clinical examination 

Preoperatively, six weeks and six months after operation 
the surgeon has to examine the mobility of the joints ad- 
jacent to the bone from which the implant is removed 
using a standardized range-of-motion measurement at 
the outpatient clinic [7]. Also sensory loss and the ap- 
pearance of the scar are assessed (Table 1). 

Radiographs 

Standard X-rays are taken preoperatively and two weeks, 
six months and one year (plate) after removal. They are 
assessed by the surgeon using a list of standardized 
questions. 

Data collection 

All questionnaires can be filled out on a paper version, 
but also a special website is developed. One part of this 
website is freely accessible and contains general informa- 
tion about the study (www.implantremovaltrial.nl). The 
other part of the website is highly secured and only ac- 
cessible for the patient, surgeon and principle study in- 
vestigator. In this way all data is instantly ordered in a 
database and the participating investigators can monitor 
the exact follow up. 
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Table 1 Follow up schedule 





Pre- operative 


Intra-operative 


2 weeks 


6 weeks 


6 months 


12 months (plate) 


Questionnaire patient 


X 






X 


X 


X 


Questionnaire surgeon 


X 


X 


X 


X 


X 


X 


Clinical examination 


X 




X 


X 


X 


X 


X-ray 


X 




X 




X 


X 



Inclusion criteria 

Only adults (> 18 years) with a clinically and radiologically 
healed fracture after a plate- or intramedullary nail osteo- 
synthesis of the upper extremity (radius, ulna, humerus, 
clavicle) or lower extremity (femur, tibia) with an ASA- 
classification of I, II or III according to the American 
Society of Anaesthesiologists [8] and a signed informed 
consent (after agreement on removal) are included. 

Exclusion criteria 

Excluded are all patients younger than 18 years, ASA- 
classification IV and V, patients with a nonunion and/or 
infection, patients with implants in other than above men- 
tioned bones and all patients without informed consent. 

Patient selection and informed consent 

All adult patients (> 18 years) in the six participating 
hospitals with a clinically and radiologically healed frac- 
ture of the clavicle, humerus, radius, ulna, femur or tibia 
(proximal, midshaft or distal), who have been treated 
with a plate or nail osteosynthesis, are invited to partici- 
pate in the study. Healed fractures of the hand, acetabu- 
lum, spine or feet are left out of the study because of the 
low incidence. Also any osteosynthesis of the fibula are 
not encountered in the study because there hardly is any 
discussion about implant removal of fibula osteosynth- 
esis in case of complaints. We choose to include clinic- 
ally and/or radiologically healed fractures and not for a 
minimum time period between the fracture treatment 
and the implant removal, nor was confirmation of con- 
solidation by a CT-scan required. It was presumed that 
this will resemble daily clinical practice most reliably. 
Patients can be symptomatic, but also reasons like l the 
implant doesn't belong in my body' and 7 want to get it 
out' are accepted reasons for implant removal. After a 
general informed consent on the standard removal pro- 
cedure by the surgeon and a decision by patient to have 
the implant removed, the surgeon informs the patient 
verbally about this study. In case of interest, the patient 
is subsequently offered a written information letter. 
After agreement on participation the patient is asked to 
sign a written informed consent form. 

Intervention 

The surgical procedure itself is performed in a normal 
daily practice to minimize any form of bias because of the 



study. This means that the surgery can be performed 
under general, regional or local anaesthesia. The operating 
surgeon is a graduated general-, trauma- or orthopaedic 
surgeon or a resident in training for one of these special- 
ties. The surgeon is free to use fluoroscopy, antibiotics, a 
tourniquet and thrombosis prophylaxis, according to his 
local hospital protocol. Also the surgeon decides on the 
postoperative treatment, like weight bearing and the re- 
sumption of work or sport activities. Postoperative pain is 
treated according to the normal guidelines of the partici- 
pating hospitals (paracetamol, NSAIDs, morphine). 

Design of data collection 
Primary end point 

- The incidence of surgery related complications (i.e. 
postoperative haemorrhages, wound infection, nerve 
injury, refracture, poor cosmetic result and general 
complications) 

Secondary end points 

- Any changes (improvement or worsening) in 
preoperative signs, symptoms and complaints of the 
patient after implant removal. 

- The expectations on the outcome of implant 
removal, for both patient and surgeon, in terms of 
pain, paresthesia, loss of strength, stiffness, swelling, 
problems in daily living and cosmetic result. 

- The resumption of work and sport activities. 

Statistical analyses 
Sample size calculation 

In literature the surgery-related complication rate varies 
from 3 to 40% [9]. 

In a cohort of 200 patients about 30 surgery-related 
complications are foreseen. With this amount of patients 
an overall complication rate of 15% can be estimated 
with a 95% confidence interval of 11 to 21%. Factors that 
increase the complication rate with a relative risk of 
more than 2 (9596CI 1.0-4.1) can be ascertained with this 
sample size. 

Data analysis 

Baseline characteristics and the intra-operative data of the 
patients will be described for each type of implant (clavicle 
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plate, clavicle nail, humerus plate, radius plate, ulna plate, 
femur plate or nail and tibia plate or nail). Outcome para- 
meters are grouped for the upper extremity (including all 
upper extremity implants) and lower extremity (including 
all lower extremity implants). Dropouts and withdrawals 
will be analysed for the reason of termination. 

The number of complications will be calculated. Rela- 
tions between patient characteristics (e.g. age, sex, comor- 
bidity, use of medication, smoking habits, profession, 
sport activities), fracture data (e.g. type of fracture, local- 
isation, type of osteosynthesis used, type of material) and 
complications are estimated with logistic regression and 
corresponding 95% confidence intervals are calculated. 

Distribution measures for the secondary endpoints 
(changes in complaints and the estimation of both the 
surgeon and the patient on the outcome of the oper- 
ation) will be calculated preoperative vs six months post- 
operative. Visual analog scales (VAS scores) are used 
pre- and six months postoperatively to measure the 
amount of pain and the cosmetic result. 

In case of continuous outcome variables, a Student t- 
test (paired tests) and in case of categorical outcome 
variables a chi-square test will be used for statistical ana- 
lysis. The Wilcoxon signed rank test will be used for 
paired variables. Because of multiple testing a p value < 
0.005 is presumed to be significant. 

Discussion 

This prospective multicentre clinical cohort study is pri- 
marily designed to evaluate the outcome and complica- 
tions of implant removal after fracture healing. 

No literature describing a randomized controlled trial 
on implant removal is available and to our knowledge 
there has never been published a design for a study 
about implant removal before. By performing this study 
and finally by publishing the outcome more profound 
arguments can be given whether to remove or not to re- 
move metal implants after fracture healing, with the de- 
velopment of clear guidelines for daily practice. 
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